We have investigated mechanical properties of bimodal networks, which have a two-peak distribution of the length of the network chains between crosslinks, in equilibrium swollen state. The bimodal networks were prepared by end-linking mixtures of short and long poly(dimethylsiloxane) (PDMS) chains with tetra-functional crosslinker. The ratio of molecular mass of the short and long PDMS chains was ca. 11. The stress-strain relationships have been investigated as a function of molar fraction of short chains. The networks with more than 98 mol% short chains are brittle and they have high elastic moduli. When the molar fractions of short chains fall below 95 mol%, the networks become markedly extensible. The stress-strain relations of unimodal networks and bimodal network with small fraction of short chains obey the prediction of the classical theory of rubber elasticity, while those of other bimodal networks deviate from the theoretical prediction. The dependence of network structure on the composition of precursor chains has been estimated from the analysis of the stress-strain behavior. The structure model proposed in small angle X-ray scattering (SAXS) study on bimodal networks has been re-examined on the basis of the results of mechanical experiments in this study.
INTRODUCTION
End-linking method is expected to be a promising crosslinking method to prepare so-called "model" or "tailor -made" polymer networks [1] . In this method, precursor polymer chains having functional groups at both ends are reacted with low-molecular-weight reagents having multi-functional sites (crosslinker). Ideally, network chains between adjacent crosslinks in the resulting networks have a length and length distribution which are equivalent to those of precursor chains. Using this system, we can control the functionality of chemical crosslinks, the chain length, and the chain-length distribution between chemical crosslinks in the networks. The model networks prepared by end-linking the polymers with a definite molecular weight have often been employed for fundamental studies on rubber elasticity [1] . An interesting extension of this approach is to prepare "bimodal network", which has a bimodal length distribution for network chains, by end-linking a mixture of long and short precursor chains.
Mark et al. [2] [3] [4] [5] investigated the mechanical properties of bimodal poly(dimethylsiloxane) (PDMS) networks prepared using long and very short precursor PDMS chains. They reported that the stress in high elongation region and the toughness for the networks were markedly enhanced by bimodalization of network chain length. They concluded that those phenomena resulted from limited extensibility of short network chains. The bimodalization of network chain length is expected as an effective way for enhancing mechanical properties of elastomers.
Most of earlier studies [2] [3] [4] have treated mechanical properties of bimodal networks in the bulk state, i.e., without solvent. There have been few studies [5] which investigated stress-strain relations of bimodal networks in the swollen state. the short chains is minor: the stress-strain behavior is similar to the one of UL, which is clearly seen in Fig. 2 , where the reduced stress-strain curves of B10 and UL agree well with each other; the initial elastic modulus of B10 is larger than the one of UL as a result of the decrease in Mp. Figure 3 shows structure models for unimodal and bimodal networks proposed in our previous SAXS study [6] . Void structure is an origin of heterogeneous structures of end-linked typed networks. The formation of the void structures originates from fluctuation in connectivity of precursor chains. Correlation lengths for the void structures in US and UL were estimated to be 5.7nm and 10.7nm, respectively. The difference in the correlation length between US and UL results from the difference in elementary mesh size between them: the elementary mesh in US and UL is controlled by PS chain itself and trapped entanglements, respectively. The SAXS analysis on the bimodal networks showed that the PL chains are isolated in the networks with large amount of PS, and that the PS chains act as quasi-chemical crosslinks to reduce the size of the void structure in the networks with large amount of PL. Qualitatively, the composition dependence of bimodal network structure estimated on the basis of mechanical tensile test results in this study does not contradict the structure model based on SAXS results. However, it should be noted that the
